A number of inter-cell interference coordination schemes have been proposed to mitigate the inter-cell interference problem for orthogonal frequency division multiple access (OFDMA) systems and among them, partial frequency reuse is considered one of the most promising approaches. In this paper, we propose an inter-cell interference mitigation scheme for an OFDMA downlink system, which makes use of both partial frequency reuse and soft handover. The basic idea of this hybrid scheme is to dynamically select between a partial frequency reuse scheme and a soft handover scheme to provide better signal quality for cell edge users. Compared with the standard partial frequency reuse scheme, simulation results show that approximately one quarter of cell edge users can get improvements in signal quality as well as link spectral efficiency from using the proposed hybrid scheme. We also observe that by using our approach, there is a significant cell edge throughput gain over the standard partial frequency reuse scheme. Furthermore, based on a well defined data rate fairness criterion, we show that our method achieves higher overall system capacity as compared with the standard partial frequency reuse scheme. key words: OFDMA, inter-cell interference, interference coordination, partial frequency reuse, soft handover
Introduction
Orthogonal frequency division multiplexing (OFDM) is a transmission technique that has been widely accepted as a suitable solution for broadband wireless communications. As an extension, OFDM could be used not only as a modulation scheme, but also as part of the multiple access technique as well, namely orthogonal frequency division multiple access (OFDMA) . Recently, OFDMA is considered a most promising multiple access technique to improve spectral efficiency in future mobile communication systems. Several communication standards, such as 3rd Generation Partnership Project (3GPP) LTE (Long Term Evolution), 3rd Generation Partnership Project 2 (3GPP2) UMB (Ultra Mobile Broadband), and Mobile WiMAX (Worldwide Interoperability for Microwave Access), all exclusively choose OFDMA as the downlink transmission scheme [1] - [3] . With orthogonality within the cell, the main interference in an OFDMA system comes from inter-cell interference. The inter-cell interference is particularly disadvantageous to user equipments (UEs) located at cell edge, especially for a Manuscript received December 4, 2008 . Manuscript revised August 3, 2009 . † The author is with Telecommunication Laboratories, Chunghwa Telecom Co., Ltd., Taiwan.
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multi-cell OFDMA system with universal frequency reuse. Important criteria for system evaluation and performance requirements are given in a 3GPP technical report [4] . This document lists different requirement items among which we highlight the particular one which says, "Increase cell edge bit rate whilst maintaining same site locations as deployed today." This criterion indicates that the cell edge quality of service (QoS) is an important performance requirement. For delivering a uniform user throughput across the whole cell area, inter-cell interference is the main limitation factor as it causes a low cell edge bit rate. Therefore, it is important to consider techniques to mitigate inter-cell interference for cell edge users.
To deal with this interference problem, several pre-4th generation (pre-4G) systems, like 3GPP LTE, 3GPP2 UMB, and Mobile WiMAX, employ inter-cell interference coordination as an interference mitigation scheme. The common theme of inter-cell interference coordination is to apply restrictions to the usage of downlink/uplink resources e.g., time/frequency resources and/or transmit power resources. Such coordination will provide a way to avoid severe intercell interference, and thus provide more balanced bit rates among UEs. Several inter-cell interference coordination schemes have been proposed for OFDMA systems, including partial frequency reuse [5] , [6] , soft frequency reuse [7] , [8] , inverted frequency reuse [9] , etc. Among them, partial frequency reuse (also known as fractional frequency reuse), one of the most promising approaches, is considered in 3GPP LTE, and it is supported in Mobile WiMAX and 3GPP2 UMB.
To improve radio coverage at cell borders in 3rd generation (3G) code division multiple access (CDMA) systems (e.g., WCDMA, cdma2000), soft handover which exploits macro diversity has already been used to address the intercell interference problem. Moreover, the processing gain in CDMA also helps to alleviate the cell edge interference problem. In order to maintain a simplified radio access network (RAN) architecture, it is agreed that soft handover will not be included in 3GPP LTE. Nevertheless, soft handover is supported in the IEEE 802.16e-2005 standard as an option (known as macro diversity handover in IEEE 802.16e-2005) [3] .
Conventionally, frequency reuse scheme is used in OFDMA, and soft handover scheme (exploiting macro diversity) in CDMA. In this paper, we introduce a hybrid intercell interference mitigation scheme for an OFDMA system, and in particular we concentrate on the downlink transmisCopyright c 2010 The Institute of Electronics, Information and Communication Engineers sion. The proposed scheme makes use of both partial frequency reuse and soft handover. The motivation for developing this hybrid method is that, for a cell edge user, it is possible that a soft handover scheme may provide higher signal quality than a partial frequency reuse scheme and thus, it gives the possibility of improving cell edge bit rate. Simulation results show that this hybrid scheme can actually bring some capacity gains for the whole system as well as improve signal quality for cell edge users.
The rest of this paper is organized as follows. In Sect. 2, we describe the partial frequency reuse scheme. In Sect. 3, we illustrate the soft handover scheme. In Sect. 4, we explain the proposed hybrid system concept. In Sect. 5, we present the system model, measures and assumptions for the performance evaluation. Our simulation results and discussions are given in Sect. 6. Finally, we give conclusions in Sect. 7.
Partial Frequency Reuse Description
In order to maximize spectral efficiency, the emerging OFDMA systems like 3GPP LTE, 3GPP2 UMB and Mobile WiMAX all assume that a frequency reuse factor of 1 should be used, i.e., the same frequency band can be used in any cell (sector) of the system † . Although full frequency reuse may ensure the best throughput, it brings low signal quality for cell edge users due to inter-cell interference. A more realistic frequency reuse scheme which adopts a frequency reuse factor of 3 in a tri-sector network significantly reduces inter-cell interference but induces a reduction to the accessible frequency resources in each cell. In a tri-sector network, a frequency reuse factor of 3 means that a frequency subchannel can only be reused in one of the three sectors of the same site. Frequency reuse factors of 1 and 3 are usually used to generate frequency reuse patterns of the nowadays OFDMA systems, as they well suit the conventional tri-sector cellular architecture. For CDMA systems, a frequency reuse factor of 1 is normally used because CDMA takes advantage of processing gain achieved through using nearly orthogonal spreading codes.
Partial frequency reuse or simply partial reuse (PR) is an inter-cell coordination scheme that applies restrictions to the frequency resources in a coordinated way among cells. The idea of partial frequency reuse is to partition the whole frequency band into two parts, F 1 and F 3 , where F 3 is further divided into three subsets; and thus, it results in four orthogonal subbands, F 1 , F 3A , F 3B and F 3C (see Fig. 1 ). Note that it is reasonable to assume that F 3A , F 3B and F 3C have the same bandwidth. The frequency subband F 1 is called the cell center band, for which a frequency reuse factor of 1 (reuse-1) is adopted, and it is used by the cell interior users only. On the other hand, the frequency subband F 3 is called the cell edge band, for which a frequency reuse factor of 3 (reuse-3) is implemented, and the cell edge users are restricted to use this frequency subband only. Nevertheless, when the cell edge band is not occupied by the cell edge users, it can also be used by the cell interior users. In [11] , an effective reuse factor (ERF) r eff is introduced to represent the ratio of the total spectrum to the spectrum that can be used in each cell, and it can be expressed by In this study, we assume that each cell always uses its maximum transmission power, which is kept as a constant, and we also assume that transmit power is equally spread over the whole available bandwidth in each cell (i.e. a flat transmission power spectrum density is assumed). Figure 1 shows the spectrum setting for partial frequency reuse in a tri-sector cellular layout. As we have the constant total power assumption, the transmit power level α can be increased in partial frequency reuse scheme as compared with the pure reuse-1 scheme (i.e. α > β in Fig. 1 ) and in this case, the power amplification factor α/β would be the same as the effective reuse factor.
Soft Handover Description
One of the main macro diversity methods in 3G CDMA downlink is soft handover (SH). Exploiting macro-diversity with a soft handover scheme is indeed a good method to reduce the influence of inter-cell interference. When soft handover is in use, an UE is connected simultaneously to several cells, which constitute its active set. An active set is the set of cells with which an UE is communicating at a given time. The active set includes the best cell (serving cell with highest path gain) and all the cells which satisfy the soft handover requirement, i.e., whose path gain are larger than the highest path gain minus the add threshold (Window add [12] ). Note that a soft handover scheme allows for more than one cell in the active set, while in a hard handover scheme, there is only one cell in the active set. With soft handover, the same signal is simultaneously transmitted to an UE from multiple cells through the same frequency subchannels. The benefit of soft handover comes from the fact that the dominant interferers become desired signals, and therefore, the cell edge transmission quality can be remarkably improved.
The soft handover overhead [12] is an important metric used to quantify the soft handover activity in a network, and it is regarded as a measure of additional transmission resources required. Note that a large soft handover overhead also implies a large number of control signaling and it decreases the system capacity. The soft handover overhead (η) is defined as
where N MAS denotes the maximum active set size and P n is the probability of an UE being in n-way soft handover. In this study, 1-way soft handover indicates the case that an UE is connected to only one cell, while 2-way soft handover indicates that the UE is connected to two cells, and so forth.
A Hybrid System Concept

Cell Interior/Edge Users Partition
In the partial frequency reuse scheme, one part of the spectrum has a frequency reuse factor of 1 and the other part has a frequency reuse factor of 3. This spectrum partition works together with the split of users into cell interior users (CIUs) using the reuse-1 part of spectrum and cell edge users (CEUs) using the reuse-3 part of spectrum. Accordingly, for realizing the partial frequency reuse in an OFDMA system, we need to classify UEs into CIUs and CEUs. A widely accepted approach to partition UEs is based on the geometry factor (G-factor). The G-factor is the wideband average SINR (signal to interference plus noise power ratio) measured by an UE from pilot subcarriers over the reuse-1 part of the spectrum (F 1 ). The G-factor is then compared with a predefined threshold to determine whether the UE is a cell interior user or a cell edge user [8] , [13] - [15] . This is because a cell edge user always suffers from noticeable SINR degradation. The average SINR of an UE is defined as the ratio of totally received wideband own-cell power and other-cell interference plus noise power at the UE. It should be noted that the SINR is averaged over shortterm fading, but not shadowing. In this paper, we consider an UE as a cell edge user which has to be protected by an inter-cell interference mitigation scheme, e.g., by a reuse-3 scheme or a soft handover scheme, if the G-factor measured at the UE is smaller than a threshold of 0 dB [13] , [15] , [16] ; otherwise, the UE is regarded as a cell interior user.
Problem Formulation
We consider an OFDMA downlink system with partial frequency reuse; and further, we assume that soft handover (including softer handover) is supported. Assume that an UE is a cell edge user and there is more than one cell in the UE's handover list. The handover list is the list of cells whose link quality satisfies the soft handover requirement, and thus every cell in the list can be added to active set. Note that the serving cell is certainly a member of the handover list, thus the size of handover list is always greater than or equal to one. In this situation, the OFDMA downlink system can use either of the following two methods to send the intended data to the UE. The first method is based on soft handover and the OFDMA downlink system sends data from all the cells that are in the UE's active set to the UE by using the frequency subchannels that belong to reuse-1 subband F 1 . We name this method Scheme A. The second method is based on partial frequency reuse (through a frequency reuse factor of 3) and the OFDMA downlink system sends data from the serving cell to the UE by using the frequency subchannels that belong to reuse-3 subband of the cell, i.e. F 3A , F 3B , or F 3C . We denote this method as Scheme B. Note that in Scheme A, the active set is exactly the set of cells in the handover list, and in Scheme B, the active set corresponds to only the serving cell.
In the above scenario, two remaining questions are: 1) Which scheme (Scheme A or Scheme B) could provide higher signal quality (SINR) for the UE? 2) As compared with the standard partial frequency reuse scheme (i.e. without soft handover option), can we generate some throughput gains by dynamically choosing between Scheme A and Scheme B? These two questions are addressed in the following sections.
A Hybrid System of PR and SH
To enhance cell edge bit rate and overall system capacity, we develop an inter-cell interference mitigation scheme that dynamically chooses between Scheme A and Scheme B according to which scheme provides better signal quality (SINR). For the standard partial frequency reuse scheme, a serving cell will first classify an UE as a CIU or a CEU according to the UE's G-factor. If the G-factor is greater than a predefined threshold (e.g., 0 dB in this paper), the UE is considered as a cell interior user and the serving cell will transmit the intended data to the UE through the frequency subchannels in the reuse-1 subband; otherwise, the UE is treated as a cell edge user and the serving cell will use the frequency subchannels with a reuse factor of 3 (i.e. Scheme B) to send the intended data to the UE. Figure 2 shows the operational flow chart of the proposed hybrid scheme. For the proposed scheme, a cell edge user may be allocated either frequency subchannels with a reuse factor of 3 or frequency subchannels with a reuse factor of 1 and use soft handover. We note that the operations of CIUs are the same for the standard partial frequency reuse and the proposed hybrid schemes. With Fig. 2 , when an UE is classified as a cell edge user, the serving cell will use Scheme B to transmit the intended data to the UE if there is only one cell in the UE's handover list. On the other hand, if the UE's handover list size is larger than one, then the serving cell will dynamically select either Scheme A or Scheme B to transmit the intended data to the UE and the selection criterion is based on signal quality comparison, which can be expressed as
where γ
A and γ
B are the SINR measured by the UE with Scheme A (soft handover applied) and Scheme B (partial frequency reuse applied), respectively. Here, the superscript x (x = 1 or 3) of γ (x) indicates that the SINR is measured on the reuse-x subband.
System Model, Measures and Assumptions
Partial frequency reuse can be achieved by either static coordination or dynamic coordination. Since dynamic coordination introduces large signaling overhead and scheduling complexity, a static coordination is highly recommended [17] , [18] . In this paper, only static coordination is considered.
Modeling of Downlink Average SINR
In our SINR calculation, we do not consider fast fading and assume radio link is subject to propagation loss and lognormally distributed shadowing. We further assume that the serving cell is the one from which the received signal is the strongest after accounting for pathloss, shadow fading, and antenna gain patterns.
Suppose all frequency subchannels designated for each cell are fully utilized (i.e. a fully loaded system) and we have the equal power allocation assumption, the transmission power spectrum density P t (or transmit power level α, see Fig. 1 ) is given by
where P T denotes total transmission power. Thus, the average SINR for an (non-soft handover) UE can be written as
where L j , S j , and A j are the pathloss, shadow fading and antenna gain from the cell j to the UE, respectively; the subscripts s and i stand for the serving cell and the interfering cells, respectively; Φ 1 and Φ 3 are the sets of interfering cells with a reuse factor of 1 and a reuse factor of 3, respectively; P N denotes the received noise power spectrum density. Moreover, when the UE is in soft handover, its average SINR can be expressed as
where Φ AS denotes the active set of the UE and the subscript s stands for the cells in the active set. In order to evaluate condition (3), we note that γ
A can be calculated directly from (6) and γ (3) B can be calculated by setting x = 3 in (5).
Link Spectral Efficiency Evaluation
According to Shannon's capacity formula [19] , the achievable link spectral efficiency C (bps/Hz) from a BS to a particular user is a function of the average received SNR (signal to noise ratio). In general, Shannon's formula gives the capacity of an additive white Gaussian noise (AWGN) channel and it is not applicable to a multipath channel. Assume that other-cell interference can be modeled as AWGN and we do not consider other-cell interference cancellation techniques in the receiver, a modified Shannon formula has been introduced in [20] to calculate link capacity in a cellular mobile radio communication system. This formula is given as
where ξ and ς are constants that account for the system bandwidth efficiency and the SINR implementation efficiency, respectively, and γ denotes the average received SINR. For Typical Urban (TU) channel model and SingleInput Single-Output (SISO) antenna scheme, it has been shown in [20] that Eq. (7) with ξ = 0.56 and ς = 2 achieves a good match to the link capacity performance of 3GPP LTE from simulation. Therefore, we adopt this modified Shannon capacity equation with parameters ξ = 0.56 and ς = 2 to evaluate the link spectral efficiency.
System Capacity Estimation
We assume that the users are uniformly distributed within cell coverage, and each user has unlimited traffic to transmit on the downlink. Moreover, it is assumed that a Round Robin (RR) scheduler is applied to cell center/edge bands. Under the RR scheduling policy, the system capacity T can be calculated as [20] , [21] 
where ν is a loss factor that accounts for the system overhead, f γ (γ) is the probability density function of SINR γ, and BW denotes the allocated bandwidth. In this paper, the loss factor ν is set to 1; this yields optimistic results, but is deemed acceptable for relative comparison purposes. In a fully loaded system, it becomes unlikely that CIUs would be able to access the cell edge band (i.e. F 3 ), and they would thus be confined to cell center band (i.e. F 1 ). This causes a separation of user groups such that the CIUs occupy the cell center band only while the CEUs use the cell edge band only. From (8), the average cell interior throughput (T Interior ) and cell edge throughput (T Edge ) for the partial frequency reuse scheme can be calculated by (9) and (10), respectively,
in which the subscripts I and E stand for the CIUs and CEUs, respectively. With the proposed hybrid scheme, as we have a RR scheduling policy on the cell center band, two user groups, the CIUs and the CEUs with Scheme A, will have equal chance of access to the frequency subchannels on the cell center band. Accordingly, the average cell interior throughput and cell edge throughput can be calculated by (11) and (12) , respectively,
in which P I denotes the (statistically) probability of CIUs (ratio of CIUs to total users in number); P n denotes the (statistically) probability of an UE being in n-way soft handover (that is the ratio of users with n-way soft handover to total users in number); and subscripts A and B represent Scheme A and Scheme B users, respectively. Note that in (15), 1/n that appears on the right hand side represents the capacity loss factor that is induced by performing a n-way soft handover. In this paper, a maximum active set size of 3 cells (N MAS = 3) [22] and an add threshold of 4 dB (Window add = 4 dB) [22] are assumed. After obtaining the average throughput of the cell interior users and cell edge users, the average (total) cell throughput (T Cell ) thus becomes
Simulation Method and Simulation Parameters
Static snapshot simulations have been used. The average SINR distribution (i.e. f γ (γ)) is obtained through Monte Carlo simulations involving 2000 random placement of users geographically. Simulation assumptions and parameters basically follow the 3GPP evaluation criteria [10] . The available downlink bandwidth is fixed at 10 MHz. We consider a multi-cell system consisting of 19 base stations (BSs). A BS controls the three sectors (cells), i.e., 57 sectors (cells) in total are considered. The radio links are subject to distance-dependent propagation loss and lognormal shadowing fading. A distance-dependent path loss with a propagation loss exponent of 3.76 and a lognormal shadowing with a standard deviation of 8 dB are assumed. The sector antenna pattern used in our simulation is adopted from [10] . All the simulation results are collected from the three sectors of the central BS and the remaining 54 sectors act as a source of inter-cell interference. Table 1 summarizes the main simulation parameters.
Numerical Results and Discussions
The simulation results are conducted for the standard partial frequency reuse (PR hereafter in this chapter) and the proposed hybrid scheme (PR+SH hereafter in this chapter). Furthermore, we consider the effective reuse factor (ERF) r eff ranged between 1.1 and 2. Note that allocating a large number of frequency subchannels in the cell edge band will also cause a large loss in bandwidth utilization in each cell. Thus, we limit the effective reuse factor to 2, which in turn about 3/4 frequency resources are reserved for cell edge band F 3 .
To begin with, it is beneficial to know the percentages of CIUs and CEUs in the simulation system. The cumulative distributed functions (CDFs) of downlink G-factor over the whole cell area are plotted in Fig. 3 for r eff = 1.2, 1.5, and 1.8. With a classification threshold of 0 dB, one can see that the percentage of CEUs within a cell is about 34% (P E ≈ 0.34) and that value for CIUs is about 66% (P I ≈ 0.66). Furthermore, since we assume that site-to-site distance is equal to 1732 m (see Table 1 ), the evaluation system will be interference limited, and thus one can find that the CDF is almost not changed with different effective reuse factors.
Soft Handover Overhead Estimation
Here, we study the soft handover overhead (η) of the proposed hybrid scheme. For feasibility reason, an important requirement of the PR+SH scheme is to have a low soft handover overhead as compared with the current 3G CDMA systems. Table 2 shows the probability of an UE being in n-way soft handover (P n ) for the simulated system. Applying the simulation results to (2), we found that the induced soft handover overhead of the PR+SH scheme is about 0.15. It is known that in a WCDMA network, the soft handover overhead is around 0.2-0.4 for a standard hexagonal cell grid with three sector sites [12] ; and furthermore, in a live WCDMA network in a dense urban area, the typical value of the average overhead is about 0.38 [12] . Thus we conclude that the soft handover overhead of the simulated PR+SH scheme is relatively small.
Average SINR Comparison
Given a cell edge UE with n ≥ 2 cells in its handover list, the probability that the received SINR of the UE with n-way Table 2 Probability of an UE being in n-way SH. (n = 2, 3) soft handover (i.e. Scheme A) will be larger than that with a reuse-3 scheme (i.e. Scheme B) can be written as
where N AS denotes the active set size of the UE. Our simulation results of the probability as defined in (14) with different effective reuse factors are shown in Fig. 4 . It can be observed that P(2) is ranged between 0.14 and 0.20 and P(3) is ranged between 0.62 and 0.70. Hence, we conclude that as the number of soft handover cells (i.e. n) increases, the probability that the soft handover scheme will outperform a reuse-3 scheme in average SINR will also be increased.
The average SINR distributions of CEUs with handover list size greater than one are shown in Fig. 5 for r eff = 1.2, 1.5, and 1.8. It is observed that by using the PR+SH scheme, the average SINR of the CEUs with handover list size greater than one is increased by approximately 1.8 dB, on average, when comparing with the standard PR scheme. To link up the results with Table 2 , we conclude that about 9% (P 2 + P 3 ) of total users or 26% ((P 2 + P 3 )/P E ) of CEUs will get SINR improvement by using the PR+SH scheme, and the relative gain is about 1.8 dB, on average.
Link Spectral Efficiency Comparison
A more meaningful metric to look at is the improvement in link spectral efficiency (SE) by accounting for the bandwidth loss effect from the soft handover scheme and the reuse-3 scheme. The condition for this link spectral efficiency improvement can be expressed as
where n denotes the number of soft handover cells. It is noted that for a cell edge UE with 2-way or 3-way soft handover, the event γ
B does imply that inequality (15) holds and thus leads to link capacity improvement. To capture the link capacity improvement, we further define the effective link SEC eff as
where m is a bandwidth loss factor accounting for a reuse-3 scheme (m = 3) or a soft handover scheme (m = 2 or 3). We note that the loss factor m is set to 1 for the CIUs. For 3GPP LTE, the link SE at 5% point of its CDF (i.e. 95% coverage), called 5% user SE, is an important criterion for performance evaluation of different inter-cell interference mitigation schemes [10] , [21] , [23] . Therefore, we adopt this criterion as a performance comparison indicator here. Figure 6 demonstrates the effective link SEC eff distributions with r eff = 1.2, 1.5, and 1.8; and in particular we focus on the low user SE region. From the figure we observe that the 5% user SE of the PR+SH scheme is about 1.3 times of that of the standard PR scheme. Figure 7 shows the average (total) cell throughput (T Cell ), cell interior throughput (T Interior ) and cell edge throughput (T Edge ) for the standard PR scheme and the PR+SH scheme with different effective reuse factors. From this figure we can have three observations. First, the larger the effective reuse factor is, the smaller the total cell throughput becomes. This is due to the fact that as the effective reuse factor increases, the available bandwidth in each cell is decreased and it results in lower frequency resource utilization. Second, the PR+SH scheme provides a significant cell edge throughput gain (about 18-92%) over the PR scheme, and the gain is more significant when the effective reuse factor is reduced. Third, with the same effective reuse factor, the PR+SH scheme causes about 11-13% cell interior throughput loss as compared with the PR scheme, and this further results in total cell throughput degradation when the effective reuse factor is less than 1.85 (roughly). This is because in the PR+SH scheme, the cell center band (F 1 ) is shared between all CIUs and some CEUs (who are performing soft handover), thus the amount of frequency resource allocated to a CIU, on average, is less than that in the PR scheme. From the above observations, one can conclude that the PR+SH scheme is an appropriate method to improve cell edge bit rate and achieve data rate fairness among users.
System Capacity Comparison
In a wireless communication system, it is very important to consider data rate fairness among users. Here, we define a parameter f , called data rate fairness index, as
where N u denotes the number of active users in one cell and P E is the (statistically) probability of CEUs (ratio of CEUs to total users in number). In this study, we consider three data rate fairness cases [11] : the first one is f = 1, which is called fair; the second case is f = 2, which is called less fair; and the last one is f = 3, which is called least fair. In the above three cases, the average user throughputs of CEUs are approximately 100%, 50%, and 33.3% of the average user throughputs of CIUs, respectively. Our simulation results of the average cell throughput at different data rate fairness index f are presented in Fig. 8 . For comparison, we also show the pure reuse-1 deployment result in the figure. Note that in reuse-1 deployment case the value of f is fixed and is approximately 5.1 from our simulation. As shown in Fig. 8 , both PR and PR+SH schemes outperform reuse-1 assuming f = 5.1. This result implies that the influence of accessible bandwidth loss caused by using PR or PR+SH scheme can be regained, and it further leads to an improvement in throughput. From Fig. 8 one can observe that, as compared with the standard PR scheme, the PR+SH scheme can achieve about 8%, 5%, and 3% average cell throughput gains in the fair, less fair, and least fair cases, respectively. The performance improvement can be explained as follows: due to the consideration of the data rate fairness among users, the PR+SH scheme can distribute the user throughput more evenly to the users than the standard PR scheme. In other words, the PR+SH scheme can meet a given data rate fairness index by using a smaller effective reuse factor as compared with the standard PR scheme. Figure 9 shows data rate fairness index f as a function of the effective reuse factors. Take the f = 1 case as an example, the corresponding effective reuse factors are 1.83 and 1.68 for the PR scheme and the PR+SH scheme, respectively.
Conclusions
In this paper, we proposed an inter-cell interference mitigation scheme for a multi-cell OFDMA system, and in particular we focus on downlink transmission. The basic idea of the proposed scheme is to dynamically choose between a partial frequency reuse scheme (with a reuse factor of 3) and a soft handover scheme to provide better signal quality for cell edge users. Our simulation results show that compared with standard partial frequency reuse scheme, the proposed scheme helps to improve the link quality and link spectral efficiency of cell edge users. By using our approach, there is a significant cell edge throughput gain over the standard partial frequency reuse scheme and it introduces a relatively low soft handover overhead. Considering data rate fairness among users, the proposed hybrid method also outperforms the standard partial frequency reuse scheme in total cell throughput. Therefore, we conclude that the proposed scheme is a competitive choice to enhance cell edge bit rate and overall system capacity.
